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Groundbased  radar  observations of NEAs can   he lp   i den t i fy   space  
resources   with  commercial   potent ia l   and  can  dramatical ly   reduce  the 
c o s t   a n d   r i s k  of t h e   i n i t i a l   s p a c e c r a f t   m i s s i o n s   t o   t h o s e   o b j e c t s .  
The nea r -Ea r th   a s t e ro id  (NEA) popula t ion  is thought   to   conta in  -1500 
o b j e c t s  as l a r g e  as a kilometer,  -300,000 as l a r g e  as 1 0 0  meters ,   and 
more than  1 0 0 , 0 0 0 , 0 0 0  as l a r g e  as 1 0  meters. More than  1 0 %  of t h e  
NEAs are more a c c e s s i b l e   i n  terms of m i s s i o n   d e l t a - V   ( i . e . ,   f u e l  
r e q u i r e d )   t h a n   t h e  Moon, Mars, o r   t h e  moons of Mars. Fewer than  1000 
NEAs have  been  found,   but   the   discovery rate is inc reas ing   r ap id ly .  
Once a n   a s t e r o i d  is d i scove red   (necessa r i ly   by   w ide - f i e ld   op t i ca l  
t e l e scopes ) ,   r ada r   can   p rov ide   o the rwise   unava i l ab le   i n fo rma t ion   abou t  
i ts  s i z e ,   s h a p e ,   s p i n   s t a t e ,  and   su r f ace   p rope r t i e s  i f  it approaches 
w i t h i n   t h e   r a n g e  of the  Goldstone  (Cal i fornia)   or   Arecibo  (Puerto 
R ico )   r ada r   t e l e scopes .  

As te ro ids   gene ra l ly   appea r  as unresolved  points  through  groundbased 
o p t i c a l   t e l e s c o p e s ,   b u t  radar measurements of t h e   d i s t r i b u t i o n   o f   e c h o  
power i n  t i m e  delay ( range)  and Doppler  frequency (radial v e l o c i t y )  
can   y ie ld   images   wi th   reso lu t ion  as f i n e  as a decameter.  Image 
sequences   t ha t   fu rn i sh   adequa te   o r i en ta t iona l   cove rage   can  be i n v e r t e d  
t o   c o n s t r u c t   g e o l o g i c a l l y  detailed 3-D m o d e l s ,   t o   d e f i n e   t h e   r o t a t i o n  
s ta te  p r e c i s e l y ,   a n d   t o   c o n s t r a i n   t h e   o b j e c t ' s   i n t e r n a l   d e n s i t y  
d i s t r i b u t i o n .  Estimates of radar s c a t t e r i n g   p r o p e r t i e s   c h a r a c t e r i z e  
t h e   s u r f a c e ' s  cm-to-m-scale  roughness as well as its bu lk   dens i ty ,  
which f o r   a s t e r o i d s   d e p e n d s   p r i m a r i l y  on poros i ty   and  metal 
concen t r a t ion .  A usefu l   sp in-of f  of r a d a r   d e t e c t i o n  is o r b i t  
r e f inemen t   t ha t   s imp l i f i e s   nav iga t ion  of flyby  and  rendezvous 
s p a c e c r a f t .  

The ex i s t ence   o f   accu ra t e   phys i ca l   mode l s   fo r  small NEAs permi ts  
rea l i s t ic  modeling  of  the  close-orbit   dynamics of r o b o t i c   o r   p i l o t e d  
s p a c e c r a f t .   M a n e u v e r i n g   s p a c e c r a f t   i n   t h e   v i c i n i t y  of i r r e g u l a r l y  
shaped, small a s t e r o i d s  is  extremely  chal lenging,   and  orbi t   geometry 
a n d   s t a b i l i t y  depend  strongly on objec t   shape   and   sp in  state.  

Radar d e t e c t i o n s  of 55 NEAs 
(h t tp: / /echo . jp l .nasa .gov /as tero ids / index .h tml)  have   e s t ab l i shed   t he  
e x t r e m e   d i v e r s i t y  of the   popula t ion   and   have   revea led   severa l   ob jec ts  
i n  detai l .  R a d a r   r e f l e c t i v i t i e s   s p a n   a n   o r d e r  of magnitude,  with  the 
h i g h e s t   i n d i c a t i n g  a n e a r l y   e n t i r e l y  metallic composi t ion  for  
( a s t e r o i d  1986 DA) and  the  lowest   indicat ing  very  low-densi ty  material 
i e . g . ,  1986 J K ) .  As te ro id   sur face   roughness   ranges  from n e g l i g i b l e  
(1986 DA) t o   e x t r e m e   ( e . g . ,  1 9 9 2  Q N ) ;  see 
ht tp: / /echo. jpl .nasa.gov/- lance/asteroid-radar~ropert ies /nea.sc-oc.htm 
Spin  per iods  range  f rom 11 minu tes   t o  more than  a week,  and  shapes 
range  f rom  very  regular   to   grotesque.   Geographos is more than  twice 
as e longated  as any   o the r  NEA tha t   has   been   spa t i a l ly  
r e so lved .  Castalia and  Bacchus are b i f u r c a t e d ,  1982 TA has a 
triangular  pole-on  shape,  and  Golevka is t h e  most angu la r   ob jec t  
imaged so fa r .  1998 ML14 is sphe ro ida l ,   w i th   p ro t rus ions   t ha t   sugges t  
a r o c k - p i l e   c o n f i g u r a t i o n .  High r e s o l u t i o n  images  of T o u t a t i s  reveal 
a geologica l ly   complex ,   heavi ly   c ra te red   ob jec t   in  a slow, 
non-p r inc ipa l - ax i s   sp in  s ta te .  T o u t a t i s '   i n t e r n a l   d e n s i t y   d i s t r i b u t i o n  
a p p e a r s   t o  be uni form;   the   sur face ' s   cen t imeter - to-dec imeter -sca le  
roughness   a l so  is uniform  and is cons i s t en t   w i th  a t  least  1 /3   o f   t he  
area being  covered by small rocks.  Numerous c r a t e r s  are v i s i b l e  on 
t h e   b e s t - r e s o l v e d   o b j e c t s ,   b u t  many other   topographic   depressions  and 
c o n s t r u c t s   a l s o  are ev iden t .  The populat ion  apparent ly   includes 
mono l i th i c   ob jec t s  as well as unconso l ida t ed   rubb le   p i l e s ,   bu t   i n  most 
cases i t  is i m p o s s i b l e   t o   d i s t i n g u i s h  them from  remote  images. 
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Radar   and   op t ica l   observa t ions   recent ly   revea led   the   phys ica l  
c h a r a c t e r i s t i c s  of  1998 KY26, an  approximately  30-meter-wide, 
monol i th ic   sphero id   tha t  is an  order  of  magnitude  smaller  than  any 
o t h e r   s o l a r   s y s t e m   o b j e c t  ever s t u d i e d   i n   d e t a i l  and   t ha t   ro t a t e s   an  
order  of  magnitude faster than   any   o ther   so la r   sys tem body (Ost ro  e t  
a l .  1999 ,  Science  285, 5 5 7 - 5 5 9 ) .  1998 KY26 is more a c c e s s i b l e   t o  
spacec ra f t   r endezvous   and   round t r ip   mi s s ions   t han   any   o the r   a s t e ro id  
wi th  a well known o r b i t .  I t  appears t o  be   minera logica l ly  similar t o  
carbonaceous  chondri tes ,  t h e  most p r imi t ive   and   vo la t i l e - r i ch  
m e t e o r i t e s .   T h i s   o b j e c t ’ s  mass may be 1 0  t o  2 0 %  chemically  bound 
water,  making it a f i n e   c a n d i d a t e  f o r  r e source   exp lo i t a t ion .  


